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Abstract:
The authors of this paper are presenting an example of how undergraduate students' interest in research may be linked to an interest in graduate and professional education. Based on both an example of the undergraduate author's experience and undergraduate surveys conducted at Salt Lake Community College (SLCC) this paper suggests that exposing students early-on to research of engineering and scientific topics will increase their interest in pursuing graduate degrees, future research or professional school.
Introduction:
"Undergraduate faculty-student interaction, which is often cited as the key to the involvementintegration outcomes of retention and academic achievement at the undergraduate level, appears to encourage students to enroll in graduate and professional education as well" (Hathaway et. al, 2002, p. 17) . From the undergraduate author's own experience, reading peer-reviewed journal articles about current methods of Volatile Organic Compound (VOC) removal and disposal have not only made theory-based classes such as thermodynamics, differential equations, and organic chemistry relevant to ongoing research, but as a result she aspires to continue forward with undergraduate research and subsequently pursue a graduate degree. Her investigation into what experiments and models have been developed to reduce the volume of pernicious airborne pollutants, specifically VOCs, is an example of developing student interest in research early on. As a result of becoming more aware of this topic in the field of chemical engineering it has been made clear that at the graduate level the student has the opportunity to conduct research. In addition to this one example, recent surveys conducted at SLCC to undergraduate students from both SLCC and the University of Utah (U of U), by an author of this paper, have suggested that exposing students early on to present-day research topics will instill a similar inclination to continue their education beyond the undergraduate level.
Technical Discussion and Methods:
Normally, graduate-level topics are not included in an undergraduate education. For chemical engineering students topics related to atmospheric sciences are currently not offered nor explored at both the freshman and sophomore levels. Through mentorship and independently studying the topic, it was made clear to the student that the difficulty of VOC vapor removal depends on each chemical species and she began to research what other current methods were available:
Traditional VOC retrieval procedures are expensive and dependent on several variables, such as temperature, gas flow rate and pollutant concentration (Tatin et al., 2015) . Conventional VOC removal requires resources and materials not only to maintain a high temperature, high pressure, and sometimes adiabatic system but when replacing and discarding spent catalysts.
After reviewing different experiments testing sustainable methods of VOC removal, perhaps a combination of silicone oil and water emulsion sprays and bio-filters could be a cost-effective technique with an overall low environmental impact. Both have separately demonstrated capable means of VOC removal. However, there has not been a system developed to combine these techniques of retrieval and removal.
Since VOCs can be hydrophilic or lipophilic methods of capture include condensation, absorption, adsorption and membrane separation. Absorption and condensation are two containment methods which use water and oil separately to contain hydrophilic and lipophilic pollutants, respectively. Still, this method requires independent spray towers and an increase in thermal energy costs (Darracq et al., 2010) .
Alternatively, Tatin et al. (2015) analyzed the effectiveness of using a water/silicone oil emulsion to capture VOCs in spray towers. In this study the researchers found that the emulsion was up to 90% effective at VOC removal. By using the emulsion spray the researchers wanted to distinguish the effectiveness of using both oil and water together and whether or not this method is more practical and cost effective. Aqueous toluene, an aromatic VOC, was used as the pollutant and converted to a gas inside the spray tower. Silicone oil and tap water were used in the emulsion. Contrasting this method to thermal and catalytic oxidation methods, less resources were used in controlling the temperature of the experiment, as it was performed at temperatures ranging from 5 to 60 degrees Celsius. Traditionally, thermal and catalytic oxidation methods of VOC removal are 95-99% and 90-95% effective, respectively (Faisail et al., 2006) . However, they increase fuel consumption and material expenses. Thermal oxidation requires temperature ranges of 760 to 870 degrees Celsius and catalytic oxidation temperature ranges fall between 320 to 540 degrees Celsius (Berenjian et al., 2012) .
Since VOCs are biodegradable, they can be treated biologically. Bio-filtration is an extremely effective alternative to oxidation. Heterotrophic bacteria, yeast and fungi cultures can be used to eliminate VOCs. When VOC laden air is passed through a bio-filter carbon dioxide, water, and inorganic salts are the only byproducts (Berenjian et al., 2012) .
A co-culture of the bacteria Pseudomonas putida and Pseudomonas fluorescence has been used successfully in a bioreactor to degrade aromatic VOCs. Shim et al. (2002) devised a bio-filter using P. putida and P. fluorescence to abase benzene, toluene, ethylbenzene and o-xylene. "The bioreactor also had a stable long-term performance, maintaining its ability for efficient BTEX degradation without requiring additional nutrients (e.g. glucose) for more than 1 year." (Shim et al., 2002, p . 1) The ph-level remained neutral, indicating that conditions were stable and acidintermediates were not forming. An additional buffer was not required during this process (Berenjian et al., 2012) . As an alternative to the use of bacteria, Ahmed and Song (2011) tested the yeast strain Candida tropicalis as a means of VOC elimination. Their results indicated that C. tropicalis is capable of removing gaseous toluene.
When it comes to pursuing research in chemical engineering the student author (Aimee Oz) wants to focus on air quality and pollution control from being encouraged to read about VOCs. After she's investigated these current experiments and models of research that have been developed to reduce the volume of VOCs, she proposed a combination of oil and water emulsion and the use of two separate bio-filters, one with yeast strain and the other with bacteria coculture, which could offer an effective long-term and cost-efficient means of containment and removal. In addition, a sequence of containment steps could offer an effective alternative solution with backup options to ensure stead operations of plants and other facilities. If an industrial spray tower is first inundated with a silicone oil and water emulsion spray the mixture could then be separated by filtration. Both the VOC contaminated water and oil would then pass through independent bio-filters. Each filter would have its own nutrient solution bath to ensure the stability of the cultures.
As shown above, when an undergraduate chemical engineering student was introduced to ongoing VOC research, it motivated her to want to design a new experiment to further understand if there are more efficient ways to contain VOCs. Perhaps if a major-specific undergraduate research-exposure course is included early on in the freshman and sophomore years, a course where students are dedicated to exploring a research topic of interest, such as VOCs, then students may want to pursue graduate school.
Student Surveys:
To study the impact of research and student involvement in studies outside the regular course work a few surveys were performed. In addition to the experience of outside mentorship and research, a total of 163 freshman and sophomore students were surveyed during the Spring, Summer and Fall 2015 semesters at SLCC including freshman, sophomore, junior and senior level students from the U of U. The intent of the survey was to assess undergraduate interest in outside course work, research and graduate school.
Students in different engineering classes with various course topics were surveyed from the following engineering classes taught by SLCC faculty, Dr. Nick Safai, during the aforementioned semesters.
The topics of these courses were all in engineering and included:
• Two engineering forum classes each semester the survey was performed • Both a statics and a strengths of materials class during spring, summer and fall semesters • Civil engineering surveying class during the spring and fall semesters and a short 3-week fast track condensed surveying course from May 18 th to June 5 th 2015 • Mechanical engineering special topics classes during spring and fall semesters • Marvels in civil engineering class during spring, summer and fall semesters
A presentation on what students do in graduate school and various research topics in different engineering fields was presented during the survey. A survey was conducted by method of questionnaire. Prior to the presentation each student was asked to indicate on the questionnaire if they were interested pursuing research or graduate school. After the presentation each student was asked again if they were interested in doing research or attending graduate school and if the presentation affected their decision. Again, their responses were recorded.
Tables 1 illustrate the categories of students surveyed, student types, designations for each category, and the results of and the percentages for the surveys for each of the categories. Both tables are shown in the following pages. Table 1 : Categories of and number of students surveyed and the results for each category Key: (F = freshman, S = sophomore, J = junior, Sr = senior), UoU = University of Utah, SLCC = Salt Lake Community College Tables 2 exhibits the Table 2 : Student categories surveyed, and the labels for each category Key: (F = freshman, S = sophomore, J = junior, Sr = senior), UoU = University of Utah, SLCC = Salt Lake Community College
The student author who is in her sophomore year at SLCC is studying chemical engineering and has been exposed to a the different engineering topics presented in the survey. When she came across VOCs as an area of research she became more curious about the field and found it to be interesting to her. She has made the decision to pursue a graduate level degree with the intention to pursue further research in VOCs and atmospheric science.
As has been already stated the survey questions were handed-out before each presentation and again were asked afterwards. Below are examples and types of the questions which were used in these surveys (Safai & Thomson et al.) . 
Results:
After the students from the various categories were exposed to different research topic presentations they were again surveyed. Based on survey data freshman students were the least interested in doing research or graduate school, with 21% of the 54 students surveyed who would consider attending graduate school. Next, of the 14 community college students who have decided to pursue chemical engineering, 28% of them want to pursue graduate school. Of the 87 sophomore students surveyed, 32% want to pursue graduate school and of the 163 combined undergraduate students, 39% of them want to pursue graduate school. The following graph illustrate the figures for each student category (Type) for the survey which were performed during Spring, Summer and Fall 2015 semesters for various engineering classes.
The students before and after hearing each presentation filled out the survey sheets. The results are shown in the bar chart below for the different student types (categories).
As has been already stated the survey questions were handed-out before each presentation and again were asked afterwards. Below are examples and types of the questions which were used in these surveys (Safai & Thomson et al.) . The results of these surveys are illustrated in the bar chart below. The results show the percentages for each student category (type) interested in research and graduate studies after the research topics were presented to them.
Conclusion:
Based on these results, the overall interest in pursuing graduate school appears to increase with class-level, i.e., sophomores appear more interested than freshman. However, the sample size of the population was very small and the survey was conducted for three academic semesters in 2015. Having a larger sample size and a longer time-span would produce more accurate results.
The surveys done and the example of one student demonstrate how awareness of ongoing research and opportunities provide students with the interest and insight to begin to explore the pathways available to them. The next steps would be to include courses aimed at introducing students to graduate level research and exposing them to opportunities that exist beyond an 
Percent of Students Interested in Research and Graduate Studies after Presentations
Total Surveyed for each category Yes (after presentation) % for research undergraduate degree: "Perhaps the greatest advantage for using cases in an engineering classroom is that students must focus on the applications in the workforce by solving real world problems" (Safai et al., 2002, p. 3) . And by introducing students to these real world applications an interest to not just work in industry, but to change it, with research and design may be the end result.
